INTRODUCTION
Growth hormone (GH) is involved in the generation of reproductive organs and facilitates hen ovary follicular development (Ahumada-Solorzano et al., 2012) . Growth hormone is secreted by the anterior pituitary and is regulated by active peptides, including ghrelin and pituitary-specific transcription factor (Pit-1; Cohen et al., 1996) . Aberrant expression of Pit-1 due to point mutations has an adverse effect on fertility in 3 specific pituitary cell types in mouse (Li et al., 1990) and is associated with the development of an inherited disease and a functional decline of hypophysis in humans (Pfaffle et al., 1992; Tatsumi et al., 1992) . Prolactin (PRL) is a hormone that regulates egg production in birds. Higher circulating PRL levels are accompanied by an increase in incubation behavior. Furthermore, PRL was found to promote ovarian follicle growth as well as egg-laying performance by enhancing the expression of LH receptor (LHR) on gonadal cells. Thus, PRL promotes testis development by acting on LHR .
Association studies between SNP in these genes and reproductive traits have been performed in poultry (Chang et al., 2012a,b; Wang et al., 2011; Jiang et al., 2009; , with an aim to compensate for the shortage of traditional breeding programs performed using maker-assisted selection. However, because of the incomplete published genome of the Muscovy duck (Cairina moschata), few studies have exclusively focused on the association of these genes with egg-laying performance in this species. Therefore, the SNP in the 5′-flanking region of these Polymorphisms in the 5′-flanking regions of the GH, PRL, and Pit-1 genes with Muscovy duck egg production 1 D. X. Zhang,* † 2 Z. Q. Xu,* J. He, † C. L. Ji, † Y. Zhang, † and X. Q. Zhang* *Guangdong Provincial Key Lab of Agro-Animal Genomics and Molecular Breeding, and Key Lab of Chicken Genetics, Breeding and Reproduction, Ministry of Agriculture, South China Agricultural Univ., Guangdong 510642, P.
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genes were identified, and their association with reproductive traits in Muscovy ducks was analyzed in the present study. Meanwhile, the heritability of these traits and the genetic correlations between the traits in Muscovy ducks were determined.
MATERIALS AND METHODS

Ethics Statement
Ethical approval for all animal experiments was granted by the Animal Care Committee of South China Agricultural University (Guangzhou, People's Republic of China).
Duck Population and DNA Preparation
In this experiment, 131 males were mated with 1,076 females to produce 3,138 white feather female Muscovy ducks in 2 hatches. The materials were offered by Wens Nanfang Poultry Breeding Co., LTD (Yunfu, Guangdong, China). The ducklings were reared according to regulations set out by the company. Ducklings were maintained outside on the ground from 4 to 12 wk of age, after which they were transferred to individual cages in a semiconfined house. Animals were fed a diet containing 2,780 kcal/kg ME and 170 g CP/kg during the growth period, which was then changed to a restricted diet containing 2,750 kcal/ kg ME and 170 g CP/kg during the laying period. The age at first egg (A1D), egg number in ducks at age 300 d (E300D), and egg number in ducks at age 59 wk (E59W) as well as the molting time were recorded for each offspring. Phenotypic values were measured after the female ducks were artificially inseminated. A total of 1,767 molting birds, with a molting phenotype from chest and abdomen, gradually extending to the whole body, were used. The remaining nonmolting birds were excluded from heritability calculations for molting time. In this population, 146 individuals failed to lay any eggs during the experimental period, possibly because of health problems. Therefore, the minimum number of eggs for an individual was 0, and such data were not included when calculating the heritability of A1D. Phenotypic data from all individuals (3,138) were included in heritability estimation of egg number. Genomic DNA from each individual was isolated from 500 μL blood stored with EDTA as an anticoagulant, following phenol/chloroform extraction.
Polymerase Chain Reaction Amplification for SNP Identification
Primer design for sequence amplification of the 5′-flanking region of the GH gene was based on the published genomic sequence available from the National Center for Biotechnology Information website (GenBank accession number AB212675.1), whereas no Pit-1 gene sequence of Muscovy ducks could be found. Therefore, the sequence of the 5′-flanking region of the Pit-1 gene from swan goose (Anser cygnoides; GenBank accession number JX051832.1) was used as a reference. Again, the PRL gene sequence from Muscovy ducks was unknown, and genome walking was applied. Three specific primers, SP1 (CCCCTTGGTGCTCATGGTACAGAC), SP2 (CCGGGGTCCATTTTGCATACATTCA), and SP3 (CCCCCTTCCCACAGCTGTCTTTTCA), were designed as reverse primers, according to the known partial sequence of the 5′-flanking region of the PRL gene in mallard ducks (Anas platyrhynchos; GenBank accession number JQ677091.1). Additionally, 1 degenerate primer provided in the Genome Walking Kit (Takara Bio Inc., Tokyo, Japan) was used as the forward primer. Another pair of primers was used after the PRL sequence was successfully amplified (Supplementary Table S1 ). All primers were synthesized by Biosune Co. Ltd. (Shanghai, China). To identify SNP, blood samples were collected from individual birds with large differences in laying performance. Ducks could be divided into 2 groups according to E59W, 1 group with less than 33 eggs of E59W and the other group with more than 101 eggs of E59W. Finally, 10 randomly selected samples from each group were pooled after genomic DNA from each individual was diluted and adjusted to equivalent concentration of 100 ng/ μL. Each PCR was performed in a mixture containing 1 μL DNA template (100 ng/μL), 0.5 μL HiFi Taq polymerase (5 units/μL), 4 μL 2x deoxyribonucleotide triphosphate mix, 5 μL 10x buffer, 1 μL forward/reverse primer (10 μM), and 37.5 μL double-distilled H 2 O. The PCR conditions were as follows: 5 min at 94°C followed by 35 cycles of 30 s at 94°C, 30 s at the relevant annealing temperature, 30 to 60 s at 72°C, and a final extension of 5 min at 72°C. Polymerase chain reaction products were detected by 2.0% agarose gel electrophoresis and were isolated and cloned into PMD18-T Easy plasmid vector (Takara Bio Inc.), which was then sent to Invitrogen Co. Ltd. (Guangzhou, China) for sequencing.
Statistical Analysis
Single marker-trait association analysis was performed by the SAS (SAS Inst. Inc., Cary, NC) GLM procedure and the genetic effects were evaluated using the following mixed model [1] . In addition, the animal model was used to calculate heritability and genetic correlations between 2 traits (model [2] ). Two models are
, and
[1]
in which Y represents a trait observation value, μ is the overall population mean, Hatch i is the fixed effect of hatch (i = 1, 2), ak is the random additive genetic effect of individual k, S j is the fixed effect of sire (j = 1, 2, 3, …, 127), G g is the fixed effect of genotype g (g = 1, 2, 3), and e is the random residuals. The variance component analysis of model [1] was using the restricted maximum likelihood (AI-REML) algorithm accomplished by DMU software. In association analysis, only 917 individuals were included and blood samples from these birds were sent to Generay Biotech Co. Ltd.
(Shanghai, China) for genotyping using the ligase detection reaction technique following the identification of 5 novel SNP. However, 11 individuals were excluded from the analysis due to them having poor DNA. Multiple comparisons were performed by Fisher's least significance difference method and the results for the 5 markers were evaluated using the Bonferroni correction method. Values were considered highly significant at a Bonferroni 1% significance threshold of P ≤ 0.002 (0.01/5) and significant at a Bonferroni 5% significance threshold of P ≤ 0.01 (0.05/5).
RESULTS
Sequences and Polymorphisms in the 5′ Flanking Region of the GH, PRL, and Pit-1 Genes in Muscovy Duck
The PRL gene of domestic ducks comprises 5 exons and 4 introns. The complementary DNA of the PRL gene of domesticated ducks was highly homologous to that of chicken (93.4%), turkey (91.3%), and quail (91.3%), indicating that PRL is highly conserved between avian species (Kansaku et al., 2005) . In this study, the 1,021-bp-long PRL 5′-flanking sequence from Muscovy ducks was amplified and 2 SNP were identified (Supplementary Fig. S1 ). A basic local alignment search tool (BLAST) search revealed that the sequence was homologous to its counterpart in domestic goose (Anser anser), sharing 94% identity, and in chicken, with 78% identity. Prediction of transcription factor (TF) binding sites was performed by the AliBaba2.1 program using binding sites from TRANSFAC Public (http://www.gene-regulation.com/ index2.html). Twenty-one high-scoring segments were identified as potential binding sites. The amplified 5′-flanking region of Pit-1 was 1,209 bp in length, and the sequence had 92% nucleotide identity with its counterpart in swan goose (Supplementary Fig. S2 ). Twenty-four segments were regarded as potential TF binding sites and only 1 SNP was identified within this region. Each sequence had a 51-bp-long promoter and the corresponding transcription start site was identified by neural network promoter prediction (http:// fruitfly.org/seq_tools/promoter.html). In addition, 2 SNP were identified in the 5′-flanking region of the GH gene.
Single Marker-Trait Association
Low genetic variability and simple haplotype components have been confirmed in domestic Muscovy ducks from different areas of China by comparing partial mitochondrial DNA sequences ). In our study population, there were only 5 variants found within approximately 1,000 bp of the 5′-flanking sequence of the GH, PRL, and Pit-1 genes ( Supplementary Fig. S3 ). Results from genotyping these SNP are shown in Table 1 . Associations of the 5 SNP with reproductive traits were examined. Two SNP, T-884C and T-335C, of the PRL gene were significantly associated with A1D, E59W, and E300D (P < 0.0001). No association was found between the SNP G-270A of Pit-1 with reproductive traits. The SNP C-515G of the GH gene was associated with E300D and was significantly associated with E59W (P = 0.0022 and P = 0.0009, respectively) after Bonferroni correction, while SNP C-441T showed a significant association with E59W. A positive overdominance effect was observed for E59W on C-441T, in which birds with the heterozygous (CT) genotype had better laying performance when compared to their counterparts with homozygous genotypes. Single nucleotide polymorphism C-441T was significantly associated with E59W (P < 0.0014), in which birds with CC and GG genotypes had the fewest eggs. The T allele of SNP T-884C was advantageous because of its role in increasing egg number during 2 periods, and higher numbers of eggs were observed in birds with the CT and TT genotypes compared with those with the CC genotype. The CC genotype of SNP T-335C was found to have an adverse effect on laying performance because it reduced egg number in both periods.
According to the results of association analysis, we assumed that reproduction-related SNP were present at greater frequencies in the group of ducks with the highest number of eggs. Based on E59W, the population was divided into 2 tail groups to analyze allelic frequency. Frequencies of favorable and unfavorable alleles of these SNP were compared in both groups (Supplementary Table S2 ). The results showed that higher favorable allele frequencies of these SNP existed in high-yield ducks, indirectly supporting the proposed physiological significance of these loci.
Estimation of Genetic Parameters
As mentioned in Table 1 , the A1D laying was high in this study, and the egg number was low throughout the laying period. Because a portion of laying egg number varied from 0 to 161 (data not shown), the SD for E59W was large with respective to the mean value. Estimated heritabilities of A1D, E300D, and E59W were 0.43 ± 0.04, 0.45 ± 0.04, and 0.36 ± 0.04, respectively, indicating they were under moderate-tohigh genetic control (Table 2) . Meanwhile, heritability of molting time was low, indicating that it would be difficult to improve this trait through conventional breeding methods. Correlation analysis was only implemented for E59W with the other traits, because E59W was the trait of the most concern in the present study. The genetic and phenotypic correlations between E300D and E59W were positive and high (0.80 and 0.68, respectively), implying that E300D may be a suitable time to remove any birds with bad reproductive performance from the breeding program. Both genetic and phenotypic correlations between E59W and A1D in this population were negative and high (-0.80 and -0.60, respectively) . Some individuals stopped laying eggs when molting occurred, leading to a serious loss in productivity. To prevent this, removing the molting individuals early in the laying cycle may be useful to improve overall egg production performance. The heritability estimate of molting in this study was almost 0, suggesting that little variability was observed in this trait or that molting is not a heritable trait. Therefore, this trait is likely to be influenced by the integration of multiple environmental factors rather than genetic factors. The correlation between E59W and molting time was low (genetic correlation of 0.12 and phenotypic correlation of 0.08). This shows that it is not feasible to increase the total egg number by selecting for an individual's molting time.
DISCUSSION
The mean value of E59W in the present study was much less than that of egg number in ducks at age 52 wk (E52W) observed in Tyaiay ducks (Cheng et al., 1995) . Besides strain difference, some individuals in A-C Values within a column with no common superscript differ significantly or highly significantly (small letters, P ≤ 0.01; capitals, P ≤ 0.002).
1 A1D = age at first egg; E59W = egg number in ducks at age 59 wk; E300D = egg number in ducks at age 300 d.
2 RMSE = restricted maximum SE.
* P-value is lower than a Bonferoni 5% great significance threshold of P = 0.05/5 = 0.01.
** P-value is lower than a Bonferoni 1% great significance threshold of P = 0.01/5 = 0.002.
the current study presented typical broodiness and long brooding cycle, resulting in low egg production. The high heritability of A1D for Muscovy ducks has been reported (Ricard et al., 1983) , and the estimated genetic relationship between egg number in ducks at age 40 wk and E52W was high (0.93; Hu et al., 2004) , which is consistent with our findings. Moreover, E52W was found to be inversely correlated with A1D (Hu et al., 2004) , which was also consistent with our findings. These data indicate that selection for earlier A1D will improve laying performance with an increase in egg number as the predicted response.
The influence of SNP in somatotropic axis-related genes on poultry reproduction is significant. Single nucleotide polymorphisms located in the coding region of GH were associated with fertility rate and the maximum duration of fertility in Tsaiya ducks (Chang et al., 2012b) . In our study, mutations in the GH gene were significantly associated with E59W, implying possible improvement in the egg yield in these ducks. The SNP C5961T of the PRL gene causes an AA conversion (Cys to Arg) and it was associated with the annual egg number and egg weight in native Chinese ducks (Wang et al., 2011) . Likewise, 6 nonsense SNP in the noncoding region of PRL were significantly associated with fertility rate, egg weight, and the maximum duration of fertility in Tsaiya ducks (Chang et al., 2012a ). An SNP, T1326C, found in intron 1 of this gene in a Chinese indigenous duck population was related to the chance of developing double yolks . In addition to variations in the coding and noncoding regions of the PRL gene, the SNP in 5′-flanking region of this gene also had a significant effect on egg number. It is worth noting that the C allele of SNP T-335C seemed to impede reproductive process throughout the laying period, in which individuals with the CC genotypes had reduced egg number and delayed A1D. This was consistent with results from the genetic correlation showing that the younger the age of the duck when the first egg was laid, the better the egg-laying performance. Polymorphisms of the Pit-1 gene are associated with carcass traits in chicken (Xu et al., 2012) ; with growth, carcass, and body composition in pig; and with milk production and conformation traits in cow (Khatib et al., 2009; Brunsch et al., 2002; Renaville et al., 1997; Yu et al., 1995) . However, the SNP G-270A in these genes was unrelated to the reproductive performance of Muscovy ducks in the present study.
Variations in the 5′-flanking region modify the specific binding site of TF and can modulate the degree of binding, leading to changes in gene expression (Ordovas et al., 2008 ). An online tool, FASTSNP (http://fastsnp.ibms.sinica.edu.tw/pages/input_novel. jsp), was used to search for the functional significance of these SNP. Two SNP, T-335C and C-515G, were predicted to be functional, with a medium risk ranking of 1 to 3, as the T allele of T-335C generates a putative binding site for GATA-2 in silico and the C allele of C-515G generates putative binding sites for GATA-1 and deltaE in silico. In contrast, T-884C and C-441T were not predicted to have any known biology function. Of note, a 24-bp insertion was identified in the promoter of the chicken PRL gene, which was associated with broody traits (Jiang et al., 2005) . One such insertion inhibited a TF binding site for PRL, leading to decreased PRL expression. Therefore, birds with insertion/insertion homozygote (+/+) genotypes were not broody. The T allele of T-335C detected in the current study might be involved in driving PRL expression via the introduction of a potential binding site for GATA-2. It was shown that reduced incubation behavior and a decline in the rate of egg laying occurred if the hens were unresponsive to PRL . Some studies found a similar phenomenon in PRL-immunized geese or in VIP-immunized Silkie pullets ). Another study suggested that the duration of the egg-laying period might be extended by inhibiting PRL release (Sharp, 1997) . Our results showed that birds with TT and TC genotypes of T-335C and moderately high levels of PRL laid approximately 20 more eggs and had 15 d longer egglaying duration than birds with CC genotypes. These results suggest that the identified SNP may influence duck egg-laying performance by affecting TF binding site.
Adherence to the Hardy-Weinberg equilibrium (HWE) for this population was analyzed using χ2 test (data not shown). Except for the SNP C-441T of the GH (χ 2 value = 0.623; P > 0.05), the other SNP deviated from HWE (P < 0.01). It is possible that another new variety was introduced during practical breeding to improve reproductive performance, indirectly leading to changes in allele frequency, as illustrated by Hiyama et al. (2012) . This can also be explained by the fact that this population has undergone intensive artificial selection for reproductive traits over 5 gen- erations, which affected the causative loci as well as the surrounding regions. Therefore, it is possible that the significant SNP identified in this study were linked to the causative SNP.
In conclusion, 4 polymorphisms of the GH and PRL genes and their genetic effects on egg number in Muscovy ducks were identified. The SNP in the 5′-flanking regions of these genes, especially SNP T-884C and T-335C of the PRL gene, were significantly associated with A1D, E300D, and E59W, suggesting that they may be candidate markers for monitoring reproductive performance in Muscovy ducks. These SNP are expected to change the relative gene expression of target genes by altering the TF binding sites. However, it can only be used as a reference before verification by EMSA. Further study is needed to explore the functional significance of these SNP. Moreover, estimating genetic properties associated with egg number permits selection criteria for economic growth. To achieve a satisfactory outcome, continuous accumulation of performance data such as the number of fertile eggs, egg mass laid, BW, or feed intake are necessary for verifying their association with egg number.
